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PROJECT 1: Development on novel miniaturized biosensors for the detection of 
biologically infectious agents (2 graduate students, starting in May or Sept of 2011) 
 

Introduction The ultimate goal of the project is to perform research relevant to public health and 
health care systems and services. Specifically, the project seeks to develop innovative portable 
microdevices (microfluidic chips) that can provide highly sensitive, rapid, and on-site detection of 
pathogens (bacteria, viruses, etc.). This will be achieved through the unique combination of 
microelectrodes and antibody-based pathogen detection. One important aspect of the project is the 
design of planar microelectrode arrays that can cause sizeable deterministic forces on bacteria and 
viruses and stably capture them on a detection surface, thereby causing their local concentration and 
detection. 

Students working on this project will have the opportunity to acquire many industrially desirable skills 
on materials characterization, Raman spectroscopy, dynamic light scattering, dynamic surface analysis 
techniques, clean room microfabrication, micro-device fabrication, microfluidics, optical and 
fluorescence microscopy, immunoassays, and electrokinetic manipulation of colloidal systems.   
 
Project description This work will combine numerical simulations and laboratory experimentation 
towards the: 

• Exploration of microelectrode design and configuration that enable virus sampling at concentrations 
far below 106 pfu/ mL as well as operating parameters (applied voltage, AC frequency, ionic strength 
of sample), under which optimal virus sampling can be achieved 

• Understanding of the electro-hydrodynamic effects (fluid streaming) caused during the operation of 
electric fields inside biological media. Fluid streaming is typically very intense inside physiological 
media and can potential nullify or, if properly used, enhance virus transport to the detector’s surface  

• Interfacing of this microelectrode-based particle collection with an electrical, chemical, or optical 
signal transduction mechanism, and further integration of the two into a lab-on-a-chip diagnostic device 
that can offer rapid and situ virus detection. Specifically: 

     - One of the projects aims to develop an innovative (patentable) electromechanical virus detection 
method that is based on microelectrodes embedded into mass-sensitive sensor; this project is 
currently being pursued in collaboration with Professor Y. Lai (Mech. Eng., Queen’s)  

     - The other project will explore the possibility of performing virus detection from a micron-sized 
sample droplet using capillary and surface tension phenomena in a simple way that does not 
require micro-channels and pumps for sample processing. This approach can substantially reduce 
the cost of pathogen screening analyses 

 

Background info on this project Over the last decade we have witnessed an alarmingly increasing 
frequency of virus-related disease outbreaks (SARS, AIDS, avian influenza, Ebola virus) with 
worldwide consequences on public health and commerce. Canada is undoubtedly one of the countries 
that have been particularly sensitised by recent and disturbing incidents of this kind. In addition, 
governments throughout the world, along with civilians and the military, are becoming ultimately 
concerned with threats for possible bio-terrorism attacks. A major contributing factor to this global 
“insecurity” stems from the present lack of means that enable early (ideally, at the point-of-care) 
detection of biological infectious agents (e.g., bacteria, viruses, prions), that would permit timely 
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response and early containment of an infection. Therefore, the development of a highly sensitive 
detection method is a matter of national priority, and timely research efforts in this area are of critical 
importance.  

One set of emerging virus detection approaches involves the selective capture of viral particles from a 
liquid sample onto a surface, and subsequent detection via optical transduction. While optical 
transduction can now be achieved by a number of methods, the extremely slow transport of viral 
particles to the capture surface still remains an unresolved challenge and the rate-limiting step in the 
detection process. Current detection methods are relying on virus transport by means of diffusion 
(“random walk”), an inherently slow and stochastic process, particularly in dilute virus samples. 
Diffusion-based transport of virus imposes two major limitations in the current detection techniques: (i) 
Compromised sensor sensitivity and (ii) Slow detection process.  
Recent studies by our group and collaborators have shown experimentally that electric field effects 
created by planar microelectrode arrays can lead to detectable capture of viruses and bacteria from 
small (a few microlitres) volumes of biological fluids within a few minutes of sampling time (Docoslis 
et al., Langmuir, 2007; Wood et al., Micro- and Nanofluidics, 2007; Tomkins et al, Canadian Journal of 
Chemical Engineering, 2008; Tomkins et al, Sensors and Actuators, 2011-accepted)  
 
Requirements: Applicants must hold (or expect to hold by May 2011) a B.Sc. degree in Chemical 
Engineering (or Engineering Chemistry). Graduates with a cumulative average of 80% or higher will 
be preferred. Summer research experience (USRA, etc.), other laboratory experience, and some 
theoretical/practical knowledge of Biology and/or Microfluidics are a plus. Please contact Prof. 
Docoslis for more info. Thank you!   
 
 


